Abstract -This paper derives some new conditions for the bivariate characteristic polynomial of an uncertain matrix to be very strict Hurwitz. The uncertainties are assumed of the structured and unstructured type. By using the two-dimensional (2-D) inverse Laplace transform, the bounds on the uncertainties are derived which will ensure that the bivariate characteristic polynomial to be very strict Hurwitz. Two numerical examples are given to illustrate the results.
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I. INTRODUCTION
The stability analysis of both continuous and discrete 2-D systems has received considerable attention in the literature. Different methods are available for checking the stability of 2-D discrete ( [1] - [6] ) systems. With regard to the stability of 2-D continuous systems, it is required to test whether the 2-D characteristic polynomial of a matrix is Hurwitzian. Some stability tests have been reported in [7] - [10] . Often we need to know how robust the system is in terms of stability under uncertainties. Such uncertainties may be due to variation in the system parameters, the effects of nonlinearities, and the presence of unmodeled dynamics etc. It is therefore desirable to derive stability bounds on the perturbations that will not cause system instability. The robust stability of 2-D uncertain discrete systems has been studied based on the 2-D Lyapunov equation approach ([11] - [13] ) and the concept of stability radii [12] . In [14] - [15] robust stability conditions and lower bounds for stability margin were derived based on the Maclaurin series expansion.
In this paper, by using the 2-D inverse Laplace transform, conditions for the bivariate characteristic polynomial of an uncertain matrix to be very strict Hurwitz are derived. In section 2, a 2-D continuous state-space model is introduced and a previous condition for the bivariate characteristic polynomial to be very strict Hurwitz polynomial (VSHP) is presented. Section 3 presents the main results. Section 4 presents two numerical examples and section 5 concludes the paper.
II. PRELIMINARIES
The bivariate characteristic polynomial ( ) ( 1) can be written as: 
The bivariate characteristic polynomial, || || A Δ ≤α (6) where α is a positive constant number.
According to [7] - [10] , the following bivariate characteristic polynomial:
where: is VSHP provided that the following condition is satisfied:
In this paper, we derive some bounds on the perturbations, , A Δ which will ensure that the polynomial (12) Taking the absolute of both sides of (12) gives: 
This completes the proof of Lemma 2. Note that BIBO stability condition [17] implies that matrix S exists and it can be directly computed from (11) . We now present two robust stability conditions for system (4) to be VSHP based on the results presented in Lemmas 1&2. We assume that the bivariate characteristic polynomial of the nominal system (1) is VSHP and that matrix S exists. The results are given in Theorem 1 and Corollary 1.
Theorem 1:
Assume that the bivariate characteristic polynomial of the nominal system (1) 
where matrix S is as defined in equation (11),
Proof: Condition (8) can be expressed as: 
Using Lemma 1, condition (17) is satisfied provided that:
Using the properties of spectral radius and by considering the structure of the uncertainty as defined in (5), the following inequality can be obtained:
Substituting the upper bound for ) , ( [ ]
Accordingly, provided that condition (15) in Theorem 1 is satisfied, condition (8) is satisfied and hence ( ) The following Corollary 1 provides stability bound for the case where the uncertainties are as described in (6) . 
Accordingly, the following holds:
Based on the above fact, the following inequality is obtained: Using the method proposed in [9] it can be shown that the bivariate characteristic polynomial of the above system VSHP. By using the method proposed in [17] an upper bound for matrix S can be computed as follows: In this paper, by using the 2-D inverse Laplace Transform, new sufficient conditions for the bivariate characteristic polynomial of an uncertain matrix to be very strict Hurwitz have been derived. The approach involves the computation of the upper bound matrix S. The existence of S is based on the BIBO stability condition [17] . Two numerical examples have been given to illustrate the main results of the paper.
